Connexions hétérocliniques dans le problème des trois corps by Dufey, Julien
Institutional Repository - Research Portal
Dépôt Institutionnel - Portail de la Recherche
THESIS / THÈSE
Author(s) - Auteur(s) :
Supervisor - Co-Supervisor / Promoteur - Co-Promoteur :
Publication date - Date de publication :
Permanent link - Permalien :
Rights / License - Licence de droit d’auteur :
Bibliothèque Universitaire Moretus Plantin
researchportal.unamur.beUniversity of Namur
MASTER EN SCIENCES MATHÉMATIQUES






Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.
            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal ?
Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.
Download date: 23. Jun. 2020
 	
	





   	
  
	  	
         
     
 		
   	
 	 	   
    
   !  
 		     
    	!
      
 
 	










	 	  	  

  	    	    
	
  	 
		   	 		  
  
	  	     	  




 	  
  	   	!  
 












	 "  # $ 
  
   











$	 %& & 
 	  
 	




  	  %  	 # 
		 	 %
% 		 	 	    

 $ 	 
   
		
	 L1  L2 '  

  	 #   
 $
%    # 	  L1  L2 (  	 %  
	 # 
 
		 	  





	   





  	  	 	 
** +		  
                              ,
*- + .	
	  //01                     2
*1 /	 	
	                            **
   	   	 L1  L2 
/
                                        *,
-* 			   	
	 
		                  *3
-- 4	  
	   	  
		              *5
--* 6
      	 
		     *5
---    	
 	               --




            -7
--7                                -,
--,  8  R                              -9
--3  	  )4                     1:
-1 ;	  
  		 (x, y)                    1-
 	     !"
/
                                        7:
1*  	 	 
		                        7-
1**    )4                       7-
1*- /  
	 	 
		             73
1- 	 	 
		 
  
 	 		 ,:
1-* 0
 
	  L1  
 	 		        ,1
11 	 	 
		 
  




!  #  $ 	 %
7* 	  	 
		                   3-
7-   	                             3,
 
 &  	
'	 (		) %*
/
                                        39
,*  
   //01 
                     32
,- 	  # $                      35
,-* 1 	 <   
		  
              9:
,-- 2 	 < 0 =" 
 $                 9*
,-1 	   	                       97
,1 > 









	 	  	 
   
	  	 
		   	! 	

  ="!  	# 	 	  	@ 	
;   
   	   A	!  ; 
4




	  A	! "   	 
		  #	 " 
		  
	 
A	 ?  	! 
      	  
		  





 =	 .	 	!  *55*! @ 
# $  	




	  		  	  
 	  
 	  	  
	 "  
    	
    
 
 	 	   	 
 # 	
!   
C  






    		       	 " 
 	
	 D  !  
  
 	#  




  A	!   # 	   		 	

   $ 
   #  
 
  	    

 	
   " 

 
	   	    

 
  	 	 	
	 	 E F  ! L1  L2!
 	      A	!  
 	 +
	
A	    
	
	   #	

 	 		 	   	 	
D 
  	  	
  " 
  	 
	 "  	
		  	  !  




?  	 !    
 









		 	  
 	 	
	  
/ !    	 	 	!  	 
 
 	  
 	   	 	
	 /  	!   
  
	
  #   	 	  G! ! )  0
H-:::I      	  
 	  
		
     	 
	 	
	  	 		

	 " L1  L2
? 




4 H*535I  
 	 	  	!  	

  









  L1  L2  	 "   
 	  
 	!
	 =  
  
 K
  	 	  	   
	  
  
  	  
 + +
	






 "  	  # $! 	   	
  G  
H-::*I
 	










  	  
 
 	
	 	  	 
H//01I




   	
  	  
#
# 		




	   
    H

I    
 		
	
  #  
 
 #  
 	    HI  ! 

	
   @  
      HI




 $  !   





"	     
 
	
 < µS = mS/(mS + mJ)   A	 <
µ = mJ/(mS + mJ)     µS = 1− µ
? 
   +
	
   A	! µ = 0.0009537




!   
 
    	 
	 
	 " 





  !   


   
	   	  
 
 #  
 	    
? 
! 
		  A	   #	
 H::721I   	  
	  	
	  //01    






	   
  	  3
?   		
! 
 		 	  +
	
!  A	   
 
 (uS , vS)! (uJ , vJ)  (u, v)  	  
   +
	
! " A	  "

		  	 r1! r2  r
 	    
      <











 	   		  

   G = 1 0 	   
 	
! 
 	 x˙ 		 dxdt   x¨ =
d2x
dt2










  A	 	  " (−µ, 0)
 (1− µ, 0) ?  ! 
 		  
   (x, y).
,v )(u  S S






















 ** L HI +
	
! A	  
   
  		

HI 0  < 
 		  +
	
!  A	   
 
  	 
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  r1  r2 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 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r1 =
√
(x + µ)2 + y2  r2 =
√
(x− 1 + µ)2 + y2.
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cos t − sin t












cos t − sin t











cos t − sin t
sin t cos t
)(
x¨− 2y˙ − x
y¨ + 2x˙− y
)
.
  	 u! v! u¨! v¨  
 	   H**I   
C (xS , yS)
 (xJ , yJ) 	  (−µ, 0)  (1− µ, 0)!  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y sin t H*-I

















y cos t. H*1I
  	
  	  	 <{
(1.2) cos t + (1.3) sin t
(1.2)(− sin t) + (1.3) cos t,
  
 	  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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	 		 <
x¨− 2y˙ − x = −(1− µ)x + µ
r31
− µx− (1− µ)
r32
H*7I



















 µ(1−µ)/2 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x¨− 2y˙ = ∂Ω
∂x
H*3I





    	  	   
	   
  	  2
  			 
 




	   
  #	   	  

 	





 	   
	 		 T  
 	














D r21 = (u1 − u)2 + (v1 − v)2  r22 = (u2 − u)2 + (v2 − v)2
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   
 	 L = T − V !   	   <
∂L
∂u˙
= u˙ = pu
∂L
∂v˙
= v˙ = pv
.	
	 H′ = T + V 	 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	    <{
u = (cos t)x− (sin t)y
v = (sin t)x + (cos t)y
H*2I
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 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 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 (u, v)  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 (x, y)
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	 H*2I! 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 <
S(pu, pv, x, y, t) = pu
(
(cos t)x− (sin t)y) + pv((sin t)x + (cos t)y
)
.
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= − sin t(pu) + cos t(pv).
 
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=− pu(sin t)x− pu(cos t)y + pv(cos t)x− pv(sin t)y
(1.9)
= xpy − ypx.
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− xpy + ypx
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 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H(x, y, px, py) = (px + y)















(x + µ)2 + y2  r2 =
√
(x− 1 + µ)2 + y2.
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 	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= px + y ; y˙ =
∂H
∂py




= py − x + Ωx ; p˙y = −∂H
∂y
= −px − y + Ωy H**-I
D Ωx  Ωy 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 	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  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  H*3I < {
x¨− 2y˙ = Ωx
y¨ + 2x˙ = Ωy
H**1I
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C(x, y, x˙, y˙) = −(x˙2 + y˙2) + 2Ω(x, y) = −2H(x, y, x˙, y˙). H**7I
  @! 	 C(x, y, x˙, y˙)     <
dC
dt
= −2x˙x¨− 2y˙y¨ + 2Ωxx˙ + 2Ωy y˙
= 2x˙ (Ωx − x¨)︸ ︷︷ ︸
	:−2y˙
+2y˙ (Ωy − y¨)︸ ︷︷ ︸
	:−2x˙
= −4x˙y˙ + 4y˙x˙ = 0.
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 (x, y)  <
L1 : x0 = (1− µ)− α + 13α2 + ... y0 = 0
L2 : x0 = (1− µ) + α + 13α2 + ... y0 = 0
L3 : x0 = −1− µ− β + ... y0 = 0






















1−µ 	 	!   	 
 	  L1  L2  <
L1 : x0 = (1− µ)− α H**3I
L2 : x0 = (1− µ) + α.
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  µ = 0.0009537 <
C1 = 3.03970909 C3 = 3.00190647
C2 = 3.03843723 C4 = C5 = 3.
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+ µ2 − µ) + 3
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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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C4 = C5 = −(x˙2 + y˙2) + 2Ω = 2Ω = 3.
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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  µ(1− µ)/2 " Ω 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M(µ,C) = {(x, y, x˙, y˙)∣∣C(x, y, x˙, y˙) = constante}.
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 ≡M(µ,C) = {(x, y)∣∣Ω(x, y) ≥ C/2}.
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H(x, y, px, py) = (px + y)


















	!  (x, y)=(k, 0) / 
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 H(x, y, px, py)   
	
	 L   (k, 0, 0, k)
 
 	 	  H " 
	
	 
!   <
H(x, y, px, py) = H(k, 0, 0, k) + 12
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∂2H(k, 0, 0, k)
∂x∂y
(x− k)y + . . . + ∂
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y2 + 2ypx + px2 − (py − k)(x− k) + (py − k)2
]
+ . . .
H--I
M
  #  

 














 Ωx(x, y) = x− (1− µ)(x + µ)
r13
− µ(x− 1 + µ)
r23




⇒ · Ωxx(x, y) = 1− 1− µ
r13
+





3µ(x− 1 + µ)2
r25










· Ωxy(x, y) = Ωyx(x, y) = 3(1− µ)(x + µ)y
r15
+
3µ(x− 1 + µ)y
r25
 
 	 r1  r2  	 	
	! 	 (k, 0, 0, k) <
r1(x, y) =
√
(x + µ)2 + y2
 r1(k, 0) = |k + µ|
r2(x, y) =
√
(x− 1 + µ)2 + y2
 r2(x, y) = |k − 1 + µ|
!
Ωxx(k, 0) = 1 +
2(1 − µ)
|k + µ|3 +
2µ
|k − 1 + µ|3 = a
Ωyy(k, 0) = 1− 1− µ|k + µ|3 −
µ
|k − 1 + µ|3 = −b
Ωxy(k, 0) = Ωyx(k, 0) =
3(1 − µ)|k + µ|.0
|k + µ|5 +
3µ|k − 1 + µ|.0
|k − 1 + µ|5 = 0
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 <
H(x, y, px, py) = H0 + 12
[(
(x− k)2 − 2(x− k)(py − k) + (py − k)2
)
+ (y2 + 2ypx + p2x)−
a(x− k)2 + by2
]
+ . . .
= H0 + 12
[
(py − x)2 + (y + px)2 − a(x− k)2 + by2
]
+ . . .
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(p′y − x′)2 + (y′ + p′x)2 − ax′2 + by′2
]
H-1I
D x′ = x− k! p′y = py − k! y′ = y  p′x = px
 	  .	




= p′x + y
′, p˙′x = −
∂Hl
∂x′




= p′y − x′, p˙′y = −
∂Hl
∂y′
= −p′x − y′ − by′.
H-7I
/ 
 	!  	 x! y! px  py  
	  x
′









 #	 < vx = px + y! vy =
py−x! D vx  vy   	  




x˙ = vx, v˙x = 2vy + ax




	 Hl  H-1I  	 	  <
Hl(x, y, px, py) = El(x, y, vx, vy) = 12(vx
2 + vy2 − ax2 + by2). H-3I
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 
  a   b 	 	@    
/ 
!    
	  A	 µ = 0.0009537! 
 
  a   b
 		 
a = 9.892, b = 3.446  L1 
a = 8.246, b = 2.623  L2
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0 0 1 0
0 0 0 1
a 0 0 2















0 0 1 0
0 0 0 1
a 0 0 2
0 −b −2 0
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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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		 <∣∣∣∣∣∣∣∣∣∣
−s 0 1 0
0 −s 0 1
a 0 −s 2













= s2(s2 + 4) + s2b− as2 − ab
= s4 + s2(4 + b− a)− ab = 0.
 
	 ρ = 16 + a2 + b2 + 2ab + 8b− 8a  		# 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 
      L1
 L2  " 
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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   

 <
• ±λ 	 s2 > 0!  λ =
√
s2
• ±iν 	 s2 < 0!  ν = √−s2
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−λ 0 1 0
0 −λ 0 1
a 0 −λ 2






















−λα + γ = 0 (1)
−λβ + δ = 0 (2)
aα− λγ + 2δ = 0 (3)
−bβ − 2γ − λδ = 0 (4)
P	 α = 1
(1)⇒ γ = λ (3)⇒ δ = −a−λ22
(2)⇒ β = −a+λ22λ 
/ σ = a−λ
2
2λ      " 
 













  − λ

λ 0 1 0
0 λ 0 1
a 0 λ 2






















λα + γ = 0 (1)
λβ + δ = 0 (2)
aα + λγ + 2δ = 0 (3)
−bβ − 2γ + λδ = 0 (4)
P	 α = 1
(1)⇒ γ = −λ (3)⇒ δ = −a−λ22
(2)⇒ β = a−λ22λ 
$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 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−iν 0 1 0
0 −iν 0 1
a 0 −iν 2






















−iνα + γ = 0 (1)
−iνβ + δ = 0 (2)
aα− iνγ + 2δ = 0 (3)
−bβ − 2γ − iνδ = 0 (4)
P	 α = 1
(1)⇒ γ = iν (3)⇒ δ = −a+ν22
(2)⇒ β = ia+ν22ν 
/ τ = −a+ν22ν      " 
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  − iν

iν 0 1 0
0 iν 0 1
a 0 iν 2






















iνα + γ = 0 (1)
iνβ + δ = 0 (2)
aα + iνγ + 2δ = 0 (3)
−bβ − 2γ + iνδ = 0 (4)
P	 α = 1
(1)⇒ γ = −iν (3)⇒ δ = −a+ν22
(2)⇒ β = −ia+ν22ν 
$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1 1 1 1
−σ σ −iτ iτ
λ −λ iν −iν








λ 0 0 0
0 −λ 0 0
0 0 iν 0
0 0 0 −iν

 .
  	= H-2I 
d
dtP = CP !  	 <
d
dt
P = V DV −1P






















λ 0 0 0
0 −λ 0 0
0 0 iν 0











D (x1, x2, x3, x4)t = V −1P  
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 	
    
   D

   
   u1, u2, w1, w2
 
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 	 @   
		    	
	  	 			  
 	 <
ξ = x1 ζ1 = x3 + ix4
η = x2 ζ2 = ix3 + x4
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⇒ζ˙1 = x˙3 + ix˙4 = iνx3 + i(−iνx4) = νζ2 
ζ˙2 = ix˙3 + x˙4 = i(iνx3)− iνx4 = −νζ1.
  	@	







?  	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   
	 		 <
ξ(t) = ξ0eλt
 η(t) = η0e−λt





⇒ ζ¨1 = −ν2ζ1,
 	 		
ζ1 = A cos νt + B sin νt
⇒ζ2 = 1
ν
ζ˙1 = −A sin νt + B cos νt
D A  B   
(
! 	   ζ(t) = ζ1(t) + iζ2(t)!  
ζ(t) = A cos νt + B sin νt− iA sin νt + iB cos νt
= (A + iB)(cos νt− i sin νt)
= (A + iB)e−iνt = ζ0e−iνt.
/ ! 
 
	  H-*:I  <
ξ(t) = ξ0eλt ! η(t) = η0e−λt
ζ(t) = ζ1(t) + iζ2(t) = ζ0e−iνt. H-**I
   
 #	 ηξ  |ζ|2 = ζ12 + ζ22   	
 	
 
   @ <
d
dt
(ηξ) = η˙ξ + ηξ˙
(2.10)
= −ληξ + ληξ = 0  H-*-I
d
dt
(ζ12 + ζ22) = 2(ζ1ζ˙1 + ζ2ζ˙2)
(2.10)
= 2ν(ζ1ζ2 − ζ2ζ1) = 0 H-*1I
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 	 <
ξ˙ = λξ =
∂Hl
∂η
η˙ = −λη = −∂Hl
∂ξ
ζ˙1 = νζ2 =
∂Hl
∂ζ2
ζ˙2 = −νζ1 = −∂Hl
∂ζ1
.
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R = {(η, ξ, ζ1, ζ2)∣∣Hl = E , |η − ξ| ≤ c}.
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(η + ξ)2 +
ν
2
(ζ12 + ζ22) = E + λ4 (η − ξ)
2
H-*,I
   H-*,I  
	   H 





E + λ4 (η − ξ)2  
 
 (ζ1, ζ2, η + ξ)  	 R   







 η− ξ  −c  c!     
		 	
 
 # R <
L 
  n1!  


 η − ξ = −c!
L 
  n2!  


 η − ξ = +c
%	 &  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• η + ξ = 0!  
  
	!
• η + ξ > 0!  
  	 	!
• η + ξ < 0! 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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 
 

(η, ξ)   -* 	

 	 
 8   

B 	
   	 H-**I    
   	  	 
	
		  
 8  
 
0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	 H-*7I  
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		 <
Hl = E = λξη + ν2(ζ1
2 + ζ22)






2 + ζ22 = |ζ|2 = 0,   ηξ = Eλ 
 =	  
 	 R  
 
 (η, ξ)    H	  -*I <
L   K  
 	 η − ξ = ±c H	     n1
 n2  RI!
L    K   
 	 ηξ = Eλ H" |ζ|2 = 0I
/	 ηξ   	
 	  	  
 	 R H	 	
-*-I! 
 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 
 
 (η, ξ)  "  
 	
ηξ =  <
·  
  ηξ > 0 H	 η  ξ   	I! 
 	  
  n1
 n2 Hη − ξ = ±c! 	  
  -*I
·  
  ηξ < 0 H	 η  ξ  	 I! 

  
  	 

   Hn1  n2I
·  
  ηξ = 0 Hη = 0  ξ = 0I! 
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	    η  ξ
/ 	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 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 (η, ξ) 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ρ2 = |ζ|2 = 2
ν
(E − ληξ). H-*3I
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.
n1dans n1 dans R(η,ξ)
ρ=|ζ|2
 -- L 6	
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 n1 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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 Hη = 0I 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 	 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	 +	 ηξ = 0 Hη = 0  ξ = 0I! 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	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H-*3I!  
|ζ|2 = ζ21 + ζ22 = ρ∗2, D ρ∗ =
√
2E/ν = 
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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iνtw1 + γ2e−iνtw2 = γ1eiνtw1 + γ2eiνtw1 H-*2I
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 γ1 = β1 + iβ2 = β
γ2 = β1 − iβ2.
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S(t) = α1eλtu1 + α2e−λtu2 + γ1eiνtw1 + γ1eiνtw1










x(t) = α1eλt + α2e−λt + 2(β1 cos νt− β2 sin νt)
y(t) = −α1σeλt + α2σe−λt + 2τ(β1 sin νt + β2 cos νt)
vx(t) = α1λeλt − α2λe−λt − 2ν(β1 sin νt + β2 cos νt)




 	  
  	    
		 
x(t)! t   ±∞   
  
  	  	 

? H-*5I! 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x(t) = α1eλt + α2e−λt + 2(β1 cos νt− β2 cos νt). H--:I
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 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 	  α1 H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 -,I <
· +	 α1 < 0! x(t) → −∞! 
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
· +	 α1 = 0! x(t)    
 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	
· +	 α1 > 0! x(t) → +∞  
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H*I +	 α1 = α2 = 0! 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 (x, y)   
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x(t) = 2(β1 cos νt− β2 sin νt)
y(t) = 2τ(β1 sin νt + β2 cos νt)
vx(t) = −2ν(β1 sin νt + β2 cos νt)
vy(t) = 2ντ(β1 cos νt− β2 sin νt).
H--*I
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 (x, y)
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
x(t) = 2S cos(νt + φ)
y(t) = 2Sτ sin(νt + φ)
vx(t) = −2Sν sin(νt + φ)
vy(t) = 2Sντ cos(νt + φ).
H---I







4S2 cos2(νt + φ)
4S2
+
4S2τ2 sin2(νt + φ)
4S2τ2
= 1,
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y − ax2 + by2)
=2S2
(
ν2 sin2(νt + φ) + ν2τ2 cos2(νt + φ)
− a cos2(νt + φ) + bτ2 sin2(νt + φ)) H--1I
		 t 
  cos2(νt + φ) = sin2(νt + φ) = 1/2! "	 νt + φ =
(2k + 1)π4 !   t = (2k + 1)
π
4ν − φν 
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E = S2(ν2 + ν2τ2 − a + bτ2)
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Hl = E = 12(−a(x − k)2 + by2) → 0 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 :  
  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 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  (k, 0)
H-I $	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D α1α2 = 0 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• +	 α1 = 0! 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 (x, y)  
 S1   
 	 y = σx± 2
√
E(σ2 + τ2)/κ
+	   H-*5I  α1 = 0    =" #	 β1 = S cosφ 
β2 = S sinφ!   <

x(t) = α2e−λt + 2S cos(νt + φ)
y(t) = α2σe−λt + 2Sτ sin(νt + φ)
vx(t) = −α2λe−λt − 2ν(β1 sin νt + β2 cos νt)
vy(t) = −α2λσe−λt + 2ντ(β1 cos νt− β2 sin νt)
H--7I
⇒ y − σx = 2S[τ sin(νt + φ)− σ cos(νt + φ)] H--,I
/ τ = R cosψ  σ = R sinψ ;   R2 = σ2 + τ2 	 H--,I
	 <
y = σx + 2S
√
σ2 + τ2 [cosψ sin(νt + φ)− sinψ cos(νt + φ)]
= σx + 2S
√
σ2 + τ2 sin(νt + φ− ψ). H--3I
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√E/κ
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	 
   e−λt → 0  t→ +∞
•   D α2 = 0  	  #C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 (x, y)    S2   
 	 y = −σx±
2
√E(σ2 + τ2)/κ
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x(t) = α1eλt + α2e−λt + 2(β1 cos νt− β2 cos νt)
y(t) = −α1σeλt + α2σe−λt + 2τ(β1 sin νt + β2 cos νt).
• α1 > 0  α2 < 0
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 +∞
 −∞  	   	  
 	    -,  

	 	    	 " 
	 		    @	
 	  
• α1 < 0  α2 > 0




  	 	 
 =  	  	
H7I M
   
  D α1α2 > 0
+  α1  α2 	 		# +	 t → +∞! 
 x(t) → +∞! 	 	
t → −∞!     x(t) → +∞ O t → +∞! 
 y(t) → −∞
  t → −∞! y(t) → +∞    
 	  = 
K 	  
  		  
  -,     	
 
O α1  α2  	#! 
 	   K    
=  	  	
	    
  	 		 L1  L2 19
 

 	 	   	 	 	
4J  	  α1α2!   	 	 
 	   	  
	 )	 
     D 

  	  
 
 (x, y)
   	




  -,! S1  S2  
   	 
 K    
 ! 
 	  α1   α2  	  






 "   
  -,! α1  α2   
 
	#! 	   
 	 	! 	
  		# / ! α1α2 > 0 
    	  	
( 





F  	   
	 B  	

   
   
    	
!   #
 
 	 	  
	 
   
 

  	   #	  	   	  





α1 2α > 0α1 2α > 0
x,y( )
v
 -3 L (  	 (x, y)   E




  	  

 
 	 α1α2  	# HS I
	 "  	 (x, y)  S1  S2     	 

 	
  " 
		   	! 






 	  
 	  " 
		   
   	  	
 	  
 	  " 




 	    
  Hα1α2 = 0I  	   	
	
	    
  	 		 L1  L2 12
$	  	   	 	 +	    	 
	!  		  
 
 (x, y) "   t    H-*5I <
x(t) = α1eλt + α2e−λt + 2 (β1 cos νt− β2 cos νt)︸ ︷︷ ︸
=S cos(νt+φ)
y(t) = −α1σeλt + α2σe−λt + 2τ (β1 sin νt + β2 cos νt)︸ ︷︷ ︸
S sin(νt+φ)
,
D   β1 = S cosφ! β2 = S sinφ!  D α1  α2  		#
+ 	  
 	  	   
	 	 	






    
 	 	
	









   
  t2 <
α2e










 α2 > 2! ln (α2/2) > 0    	  t2 > 0


 	 t1 <
α1e








































 		 --9   	














	    
  	 		 L1  L2 15
?!  1  2  	!  t ∈]t2, t1[    α1 	#	 
 		
	 
 ! x(t)  y(t)  	 	  





	 "  	 <
* /  	 
  ! 
	    
 
 (x, y)  

   
	  
- 	     		  
 











  " 	   t1! 
	      
	
		  	 
 	 	
	
1    t1   	  α1 < ( α1  





' ! '	+  !
 	    !
 	 
	    	
  
 	
0 < +	 α1  α2 	    	#  	  	  " #	 "
 	  	!  

 		









 K!   	 	





 E	  F
/  
 








	  	 
  L1   L2 H   L1  L2I





• B 	 		 
 H	
I 
	 " L  L  

  	
(x, y, x˙, y˙) 
   =	      	   L 
L  t→ +∞ (−∞)
• B 	 
		! 
	 "  	 	
	 L  "  	 	
	 L!   	 	   L  L  t→ ±∞ / ! 






= 	 HL  LI
• B 	  	 
		   	 		   
	   " 
 #	  
 	 






    	  	 

 	
   	
P
 
  "   	 		 <
· ?  
! L   
  

 	    








 H*532I!     K! L   	
7:
	  	 		   7*
		 
  	
 "  		 ? ! L   	
		 
  	





· B 	  	   
 	 		  L 
   	 	 " L
    
  
  	   	  
		 L1 
L2    	 		 H

  I!    	

  	
   	 		 H
 	 	I!  	 
	 H	 

  " 
		  EF  	I   	  	 H	


  " 
	I
?  	   






?  	 !  

 	 




	  	 
  	
  L1  L2
6		  # C  	@ 	  	 <
∗ ? 
 	 	!  

     
  
H*532I 






  	!  	
	  
   
	 
	!
)	S  +	T H 
  )+I H*52,I 	  
 
	 
	  L1 H"	  
 	 		I
  ="  	 
		  L1  	 " 
 #	   	

  	





	! )	S  +	T H*52,I    !  	
		 	!   	 
 
	
∗  !  
 	 	!   
 
  G   	 
  		  	
     >
! 4TS! A!
)  +	T H*55*I G     	
	 	

	  	 
		 
 " 
 #	  
 	 		 
	








		!   	   
  )4 H*535I! 
  




  	 




 		  
 # 	 <
M(µ,C) = {(x, y, x˙, y˙)∣∣C(x, y, x˙, y˙) = constante}
  






∣∣Ω(x, y) ≥ C/2}.
B 		 	  )4 H*535I     
 # 	
 		  
	 	!  #	  
    		 Q  	
	   
  C   µ 	
  

 	  	 <
L C2 > C > C3
L µ  
       + +
	
/ 	 		 			
!    





     +
	
!  
 	  A	!
  





		   +
	
A	
    
 
 	  
   )4 A	   	
 " 
		    Q 
 +
	
!  !  #	  	
 	   	  
	     	 
      " 
 ? !  
 =	  
  
  " 
		!   




    
    	




	I  		    Q 
 	 	
 
  = 	  
 






!       		  
	 " 
 	   G()!    µ U 	   @!
	  	 		   71
	 µV:! 
 =	      		 / µ U 	!





       		    
  C 	

  H   
 	 
 I  

 	  	
/ ! 
 	 HEFI  )4  	   C2 > C > C3 
		 	    @ 	    		 			
 
 "  =	  	   
 

 	 		 
 	  .	

  
 # 	  	 	
/ µ 	!    
  	
	 L1  L2  	   K 








  	  	  	       	
	
	! "	   C  	 	
   
 	
(1− µ± c1α, 0)  (1− µ± b1α, 0) D b1 < 1 < c1
 	 	 
  	 <
R1(µ,C, b1, c1) = {(x, y)|Ω(x, y) ≥ C/2  1− µ− c1α ≤ x ≤ 1− µ− b1α}
R2(µ,C, b1, c1) = {(x, y)|Ω(x, y) ≥ C/2  1− µ + c1α ≤ x ≤ 1− µ + b1α}
 	 	  
 	  .	

   H	  1*I <
















 1* L +	  
 	  .	

  	 S < M! A! N! R1  R2
• +! 





 	 	 	 A	
• N! 
 	 	 " 
	  A	
• R1 
• R2! 	 
 
	  	 		   77
 	 	  U 
  	  

  )4
     
 	 	 
 		   	
		 	
 	 
 =	   
 T1  T2  
	   		
 	   











6		   <
(	 33 , "  
 b1  c1   	  O1  
   (µ,C)   
  #  C = C1(µ)    (µ,C) ∈ O1
  &
-  
 ! M(µ,C) 
      $  

. ( C < C1(µ)  /  R1(µ,C)  	  	0	   / 
   * 1 .2+
2 $ T1    M       n1 *1 2.+ 
 "  
 θ : T1 → ,%   &
*+ θ   
  	  T1 3
*+ θ  
	 
    
(	 33 , "  
 b1  c1   	  O2  
   (µ,C)   
  #  C = C2(µ)    (µ,C) ∈ O2
  &
-  
 ! M(µ,C) 
      $  
 !1
. ( C < C2(µ)  /  R2(µ,C)  	  	0	   / 
   * 1 .2+
2 $ T2    M       n1   " 

 θ : T2 → ,%   &
*+ θ   
  	  T2 3
*+ θ  
	 
    
	  	 		   7,
> 
		   <
•    	 b1  c1    *! "	 	 
 	 R HR1 
R2I    
	 		! 




  	  
  -1
•     		 c1 		    
	  8 

  -1 ?  K!  	 
 		 S   	
 		 	    	  S  X 
•       
  		 
 			  
 #
	 	 
   	  K
 U  8  S  R! 
	    	  	 
		
•   
 	 	      	 	 

 	 T HT1  T2I  
 	 	 
		 <




  	 

 	  T  





 	  
  2π
· θ   #	 	 	! 	  	    	
	 
  T ! 
 θ 	 		  
 	
	
  	 	 











 1- L HI ; O1  	   )4  
 
 (µ,C)
 HI  	 T1  
 #	 θ
	  	 		   73




    
	  
  )4 H*535I   	  	
   	













	   R	 
 
   	 	 " 
	   "  	 
	 	 " 
 	
0 	    
 !  	
	 
 	 
)4 H -1I       
	   	





 		  
  









 	  n1
 !  	
	 
     /	! 	 " 
    
 / 





  !    U   	
!  	  n1   
 8 	 	   	 		
	/ 4	 
 	+ 		5 &
   
  		   	 <
L 	   












$ !    
  
   	   
 	 		   	 <
* M







?     /	 H 1*1I!  	  	
 	  R1 H 	 
  
		 n1I     T1! 

 	
	 	 T1   R1 H n1I
∗ 		 
  	 p ∈ d−1  n1 M
 	    	

	 p "  	 q ∈ d+1 H	  11HII
∗ +	 γ!   	 
	 p " a−1  ?   
 	 <
	  	 		   79
·  γ  	    d+1 
  





    γ    d+1 
+	 γ ′    	 r! 
 	 	  γ 	    
d+1 H	  11HII
r     d+1
d+1 ∈ n1!  	  T1
}
⇒ 
  	 	 	 r 	
   		 
  T1
/ 




     /	!    
	   EF   	  #	  T1   
 n1 ? 
! 
 	 		 
   	 	
   R1     	  8  R1 H	 - 
 1**I! 
  	   		 
  	

     
	 	 	   @! 	
 
   		  #	   n1     
 

  a−1  	 
 		 














































 11 L HI   	 
	 p " q
HI  γ 	   d+1 
HI γ ′! 
 	  γ   d+1   	 	    γ
′
!
r!    a−1 
	  	 		   72
-   	  a−1 " a
+
1
+   
	!         
	   	 
 α ∈ a−1  
  d+1 
 		 "   γ  	  

 a−1 	 
 	
	  	 		
	  
  <
·  a−1 (= γ) 	    d+1 H 17HII
·  	
 	  	 β ∈ a−1 
  
  	   	 
β 	 	 "   	 H 17HII
 	   		
   @!  	  a−1 	 	 
 d+1   
  	 
 
   	  		
 	 
8  .	
	 H	  
  I
(		!     	 
		 	 β ∈ a−1  





















 17 L HI a−1 	    d
+
1 ! 	  		
   	
 
    8 	
	
HI   	 
		   	 β  a−1 
 	      
     
	
	   
	 	 
		  
 	 	  
	  	 		   75
	 
 
      /	 <
(	 33 $ (X,B,m)  
   T  
  
 
X  X   T  T−1  	  T   	
   A   m(A) > 0    x  A  "  

 (ni)i∈,4   T
nix ∈ A
	  	 		   ,:
 "	 




H*532I  )4 H*535I   
 







 //01 / ! 
  
	





	   L1  	 	  	 

  
 	  	
   
	 	  	 E
F!
"	 	 	  #	  L1!  #	  

  
 	  A	
HAI " 
 	 		 HMI  
 #	  M " A     
 	 -
 
 	  	  	 " 
		    	 / 	 
	  	 
! 	
 #    	   " 
 #	 " 
		 
  	 
  	
  L1 ;! 	 

   	   	! 	

 		
  	 	   " 
		      
	 


















 1, L HI    	 
  	
      

	 M
   		




   	  	 
!  	  	

  	







!     
	 




	  	 		   ,*
•     
 	 - 	






  I   
 	
 
 	 -1  
 
   A	 C   C1! 
	
		 L1   L1
• ? 	
  
H*532I!     K! L1   	
		 
  	




L1   	 		 
  	
 "  		!  











 	  	 
		 
	 " L1  L1   	












		  	 
 	     	  
	 
  
    	 
  	




  " 
 # 	   	
 "   
 	 H**1I{
x¨− 2y˙ = Ωx
y¨ + 2x˙ = Ωy
H1*I
  	 	     	












2   Ωx  Ωy 
 	 
 	  Ω   " x  " y  	 	
r1 =
√
(x + µ)2 + y2  r2 =
√
(x− 1 + µ)2 + y2
 	  
 	 <
s : (x, y, x˙, y˙, t) −→ (x,−y,−x˙, y˙,−t) H1-I





 	  r1! r2! Ωx  Ωy <
r1(x,−y) =
√
(x + µ)2 + (−y)2 =
√
(x + µ)2 + y2 = r1(x, y)
r2(x,−y) =
√
(x− 1 + µ)2 + (−y)2 =
√
(x− 1 + µ)2 + y2 = r2(x, y)
Ωx(x, y) = x− (1− µ)(x + µ)
r31
− µ(x− 1 + µ)
r32
⇒ Ωx(x,−y) = x− (1− µ)(x + µ)
r31
− µ(x− 1 + µ)
r32
= Ωx(x, y)










  ! 
	  
 	 s  









⇒ x¨− 2y˙ = Ωx ⇒ −y¨ − 2x˙ = −Ωy













    
 
 $	 s 
	  	    	 
		 





 	 L1 
  	 		
  	
	 




	    	    

 µ U 	      ∆C = C1 − C 	! 













 S    
  !





N − 31/6 + M cos t + o(1)
)
,
α = −π + µ1/3 (Nt + 2M sin t + o(1)) ,
6    
   
    α   
  
4  7   

8 
   
    µ   !"  &




 !"  " 
	+
  
 "    *--+#	
  L1
(	 33 ( µ  ∆C = C1−C 5		   




   y = 0  x < 0   




      (µ,C)  ! "  µk  #	

    

∆C > Lµ4/3k (µ− µk)2 H11I
 1 *6 L   




 	 "     <






 H*!*I  # " 
 * 		  
 	 	
   
 	 

 L1  
 	  /	 	  
 
 y = 0!  
 	 x < 0
/  # " 
 q	 		  
 	 	
    
	  /	  " 
 p	 		  
 	 
   	!
 	
	  
  (q, p)








































 13 L M

	   H1-*I ;  	  




 2.  	   
 	 	
  	 	
	 L1! W i,SL1 
M
   
	  
 =	   	  
 












	 		  			

 M
  	 	 

   	 
    " 
	 		! (x, y, x˙, y˙)
 3. B 		 	  U  	  	 H*!*I
		
	! "	  





 y = 0  
 	 x < 0!  

 
   x˙ = 0  
@! 
 
 	 s H1-I <
s : (x, y, x˙, y˙, t) −→ (x,−y,−x˙, y˙,−t).
 	 	  	 
 		 
 	 	
  L1    	
		! 
 	 
  	    	 / !
	   " 	  	 465) $	! 	
 #
 
 	  	   	 <
y = −y ⇒ y = 0
x˙ = −x˙ ⇒ x˙ = 0.
?! 	 
 	  
 
 y = 0  x˙ = 0! 
 !  

(x, y, x˙)! "  
 x
 4.  	 	  	   	
 	  
 	 

  µ! 














  x  W i,SL1  	  !  	 	

	 x˙ = 0 ; 	 
 ! 	   µk! 	
 	 	  	

		 ? 




 	 s H1-I! 
   y˙   	  =
		
  19HI   	 
  	  L1  
 (x, y, x˙)
; 	  	 x˙ = 0! 




 y = 0  
 	 x < 0  	 HI     	

   	 
 =	   	  
 




  	! 	























 19 L HI M

	    	 






 (x, y, x˙) ; 	   	  	  
 x
HI /=	    	  
 
 (x, y)
 5.   1--    	 ∆C  
   	 










 		 H11I    < ∆C > Lµ4/3k (µ− µk)2  
 	 µ = µk! 
 		  	#	     
  -
HC1 > C > C2I! ∆C = C1 − C  = 		#
   	  	 H*!*I
		 	 µ = µk
 6. ?	 	 Γi,S1   






 y = 0  
 	 x < 0 Γs,S1   
 	 		  

	  	 		   ,3
	 
   
!  	  
	 	  		 		! 

 	 	  Γs,S3 
/ 















 12 L HI M

	    
 	 	





(x, y, x˙)    	 		  
 
 y = 0!  Γi,S1 
HI Γi,S1  
 
 (x, x˙) H y = 0I
 7. ? 
 	   
 	 	!    
 µ = µk! 
 	 	
 	 " L1  
 
 (x, x˙)    

 x HD x˙ = 0I!  
	  	 H*!*I
		 		

/ µ = µk   
  1--!    	 ∆C   	! Γi,S1
   
 x! "	  
 	 	
  L1  
 
 y = 0
  	   x˙ = 0 /  H	  3I! 	
   
	 H*!*I
		 	
 8.     
 	 -1  





	 		  
 
 (x, y) 	 	 
	 	! "	
	 C 
	  C1   	 ∆C 
(		! 	 ∆C !    Γi,S1  	






 	 " 

   1--  

   Γi,S1
	    	 
 x  
  	 H 15HII
/ 
 	  H	  3I!    Γs,S1  
 x 
	  	 		   ,9

















    






























	  Γi,S1  ∆C  ;  	
 /   	    




HI Γi,S1   	 		  
 x !  	!  




 9.  	




  1--!    





    ∆C U  
  

	 		  
	   L1  	 

	  	 		   ,2
 "	 




 	 1*!   	    




 	 		  	
? 
 	 1-!   	 
 




		 	  
 

 	 		!   		 
? 





 	 		  	 G   H-:::I    
 	
 J "  
	 	  	 
 	 		! 	 
 	







  	 
	 	 
		 











 	 	   





 	  /	    =" 	
	 ! " 	 

	 y = 0  
 	 x < 0 0
  
 





  A	  
  
(  ! 	
 




L  	  
 	 W i
L2
	    









 y = 0 

 Γi,X1   	
	    	@ "  

L 	   
 	 	
   
	 #	 
 
 y = 0
 
 	 x < 0  
 Γi,Xq 
 	 		  W i,XL2  
	

L  	  
 	 






 y = 0  
 	 x < 0  Γs,Xq 
/    	 
		 
 	  
 	 X ! 


   
 		  Γi,Xp   Γs,Xq 
	  	 		   ,5
+	  	 P 
  <
1)P ∈ {(x, y, x˙, y˙)|y = 0, x < 0}
2)P ∈ Γi,Xp ∩ Γs,Xq 
(
! P  
   465)
)4 H*535I   
	  
 	  	 p  q
G   H-:::I   "  
 	  	 Hp, qI
		 
p  q 
 
 	 	
    ! 	
 # 	 
 	 	




 y = 0!  	 







? 		! "	   p  q 
 !  	! 
	  	 










	 	 	 	@! 	 








   < 
	 D p  q    
	 D 	
  	@
   !    	








 y = 0 H 
 
 I  


 	  		 	@ H 
 
   
 		I
* p = q
+ 	  Γi,Xq 	   #  
 
 (x, x˙) / 
 	
s H1-I!    
 =	  Γs,Xq    
  
  	
" Γi,Xq   " 
 x˙
  
   	 H*!*I
		!  		   	
 
	 Γi,Xq H  Γs,Xq  	I 	 
 x! "	 	  	  	 
Γi,Xq    x˙ = 0 H 1*:I +	  

 		 	!  
  	 Hq, qI
		 	
+	 
		      




   	  		   
 x!   

 1*: ?  !  	  
 	 
		  	
•    		  Γi,Xq  Γs,Xq  
 x˙ = 0 H	 I 	






 1*: L /	 		  Γi,Xq   Γs,Xq  ; 	 	
  	 
		     
 x
  #	  	 Hq, qI
		  H
 	  	 
	 
I
•   
  		! 
 	 
!    x˙ = 0
  	 Hq, qI
		  	   x˙ = 0! 
 	

		   
 E 	F
•  !   







  	 I M	  
 #	  

		   =  
 





  	 
 Hx˙ = 0I
- p = q
6		 
   
  D  
 





 y = 0  
 q	 		  
 	 
   

 <
 1. $ ! 	
     	
  
 	  Γi,Xp 

 x   
 	  	   @! Γi,Xp  Γs,Xq   
 
	   " 
 x˙ = 0   		   	  

   x˙ = 0 H	  1**I










 1** L M

	 		  Γi,Xp  Γs,Xq 
 2. +	 
 =	 Γi,Xp  Γs,Xq  	 
  	
  	! 
!
 	! Γi,Xq  Γs,Xp  	 





 	  	 Hp, qI
		! 	

   	 Hq, pI
		 	 	   	   " 

x˙ = 0 H
  	 		  
 I




!   	  
 	 		  	
 
 
 	 ! 	


 !   	!      	 
		 

 	 		   "  	 
		  
 	 	
  	 
		
0
  	 
		   	 	 		  
	 	   " 
 #	  
 	 






 #	  
 
	  
  	 		
  = !  
 	   	!  
 	

		  #	   	 U 	   " 
=   D 	
 	 / !  	 
		! 
 
 L1 " L2  
 L2 " L1! #  
  	    	!
 	    	  
	
 	
	     	




 	  A	! 	  	




	   
	 	 









 	     		  
 	
		  L1  L2
/ 
! 	
 #  
 	 		   	  /	 	 		
J "  




	  	   		 31
 
  G   H-:::I    
 	 
(    	 " 







 #     	   1! 
	 D 
  
A	 C  

  C2 > C > C3 
 		  
 	  .	

  =






 	  
 	 	









 	  
 	 
  L2 	 
 J 






 		  	  

 		 





  	 	  #   
		   
 A	     J 
L  !   Γi,J
L1,q

 	 		  W i,J
L1
 
 	  /	
 x = 1−µ Γs,J
L2,p
  " 

 
 	 		 W s,J
L2
 x = 1−µ
? 	 	    
 	 	
  L1  R	 
 
 	 
  L2 	 !      
  µ   C!

		   	  	 

  D 
		     	 
) 	  	  	 
		 	 	 





	   #  
 
 (y, y˙)
B 	 P 	    
 
 x = 1−µ  








 	  "  	 
		 

  L1 " L2
+ 
  7*HI!   	  	 H-!-I
		 ; 
 
 	 		  W i,J
L1
  W s,J
L2
 x = 1 − µ   	 !
	  
    	
+   ! 
 	   
 	 		  	
   	   
 	 	 	  		  L2 




























 7* L HI M

	  	 H2, 2I
		 H
   	I
HI 4J " 
 	  
!   
  	 

   y   




  	  
 




  L1 " L2
+	  
  =	 	   




 	  H1-I   @ 


















  $ 	 H 7-I
/ 
 	 !     	














	  	   		 3,
%  	" 
&	
?  	
  #! G   H-:::I  	
	  		 
 




		 	  	   L1  L2
	   
  
   
  	 

		 	 " L1  L2    
 
 
		   

	 
 		  
  
 	    	 

	  
 	 		! 	   A	
     E	F       	 	

	 		  N " M    A ! 	 		  N   @!  
  
 	 -  
 	  	  		 " 
		   
	 ? !  
 	 !     	 
 		
 	   		  L1 "  		  L2! 

 	   

 	 		   	
  ;!  
!  	   
 
   		 µ =
0.0009537  " 
	  A	  C = 3.03 	  








	!    	










-2 -1.5 -1 -0.5 0 0.5 1 1.5 2



























 71 L +	
	 	  
	  
  ; ; 	 
	

   
 S  A	! 	  
 S 		   
 	  

S 	
   ; 	  
 	 	 HNI  
 	
		 HMI    
 	  A	 HAI   	  N 
	  	   		 33

  
	   +
	
 




 	 	 H	  7,I <
* 

   
   	 




 	  
 	 A  
   	 	
  L2!
1   	 
		 
  L2  L1! 

   

  	 
  L1  A!
7 

 	 	  
 	 M  




	  	 
  	
  L1! 
   

   	 
  L1  M!
3 

   
 	 A  








   






 	  
 	 	  











 0.8  0.85  0.9  0.95  1  1.05  1.1  1.15  1.2
L1
L2J
 77 L W  
 =	 ;  
















 7, L M

	  







 %   % 
 &	

( 	   
 	   
 	
 
   
	
 	 	 " 
	  	 





	  	 "  =	  	 	   	 
#  
 $ " 
 
/ 
!       	
  G   H-::*I
 		

  	  	  	 	
  	
	  
   
   :#	  	      






 	   	   ∆V ! "	   
	   
 	
		  #
!   
 	   	  	 
 
 
  *55*! 
 		 =	 :!      
	  #
 




 	  +
	

  # "  	! "	 	  	 	  ∆V !
 "   
		  	  
 







  	 	  		   E.	F
39
	  		     32
∗ ?  	 !  	 
     +
	

$	   
 
 	







∗   	 
 " 
 	  # $ " 
	 	
	  //01 




 	 	   
 
∗ ? 






	  	 		 
     
   	 	  
		   
 		  
 $
∗  !  
 	 	!    
  	 
	   
	  	 " #  
 	   #	












	  # $  			 	
 #
  
  #  .
! 
         S 
	 " 
 X!  	  

 












	  	 	
	  
	  	   	










 ,* L M

	  
  //01 
  




	  		     35
?  
  //01 
! 
   
   	 	
	
  




     
 $   
 
! 
   	 	
	   +
	
 	  










   ::,,  

  
 $  ::*9
	  
 
  " 

 #	  






  	!  	  
 
  //01 
 
  		      +
	
$	
(=   
   	 		   	
	 !  




   
     





	!  //01 
 	    C    

		    	 	  




 # $!  	
	   
 

   +
	
   
 $! "	 







 $   		  +	 µT = mT /(mS + mT )! D mS  mT 	
	 
   +
	
   
 $! 
 
 		  +
	
  
   (−µT , 0)  

  
 $  (1− µT , 0) H	 	 *I
?  !  	
	 




 $  	  	 " 
 
  	 	
  	 	 
  

 	   	 " 		  		 			
 H y! y˙I  

	   	 

  <
*   
	   H 	I! 








-   
	  	 H 	I! 
 	  	   

	 	
   +
	
$     		  
 $
 	
	  	 	   
	  	  

? 
 	 	!  	
	 
 #	  
 	 
  L2  
 	
	  		     9:
	  	  	 	
 ="  	
 	   
 
? 
 	 	!   	  
	 #	  
 	 -! D
 	   
  	    
	 	 	





    
	  
	  	
  1 	 )  	 &
 	  
  =" 	 " 
	 	 
  
		  	 

  ?	






  		  
 	!   	 	
      
	!    
  	8  

 H20000 &I  #	  	  
	   

0 " 	  	 "   




   	 
  	






  " 	  	 "   
		 H
,-I
* $ ! 	
 # 		  		 			
 " 
		    
 	

  L2  
 	 	
- /  	  	!    
	 	  

	  
   
   	 	
  L2
1  	! 	
  #  

   





  L2  
 	 




 	  
   	 	
  L1    		
 
 	 		  
   	 	
  L1! 
  
	   
	   
 
    	  
7 /   		
	!   
  





  L2       	  	 
 
	   
   @
  	  





    	
  	















































 ,- L M

	  
  " 	  	   
		  

  	   
     
   $
? 




	 	 	 ="   
		  
 
  2 	 ) '	 *
+  ,		
) 	  	
	 
 	 		  
	 		
 L2  
  $+
	
	    	 	 	 





	 @ " 
   	 - <
(    
#  
' ! '	 ! 
# 
 !   9
     
'    !
   
+  	   "  	  (x, y, y˙)     
	   #	 




	 +	    




    	    ! 
  	   
  








 ,1 L M	 	  	   " 	  		
			
   =      	!  
 
 x = 1 − µT  +	 
 
  		!  	  	   
 	  y˙  

  	
 "       
	 	 	
/ ! 	  	    
 	  /	 x = 1 − µT  
 	 
 	  	!  		! 
	
    

	!   	
 "    	 			
!   





 	   		
 
 $!   
  ,1   	 
 	  
  
		
 		           
		
	 B 	@ 	  





 	 x = 1− µT 
6		   
 	  
  " 
	    
	 <





  C2 > C > C3! 	   

   
 =	  	





 =	  
 	 	
  L2  
 	  /	 x =












































 ,7 L M

	  	  L2  
 	  /	 x = 1− µT  
  






1 − µT    ,7 	

 
 #  	  	  L2 ? 

	 *!   		  	 	  

   
 	 	
   y = 0! "	  
 $
1 		  		 			
 =    
 =	 

  	  	

 	  	!  	   		  
 $
/ 		  		 			
!   
 
 x = 1− µT  	 q1
= " 
 
		 	  
 	 	




  !    q2 H ,7I
+	  	 
 	    		 			
 
 
[q1, q2]!   ! J " 
 	  




     
 	  " 
  		
	 "  
 y˙!    
 
 x = 1− µT  	  


   
  y   E	F  [q1, q2]   
     
 $ Hy = 0I / ! 	
  U 
		  	 " 




	 	   		  
 $
M
  	      




  [q1, q2]    !    
 	  U
  
 $!   		 
 		 			
 	 " 	
	  		     97


 	   
 	 
  
 	 x = 1− µT 
 	 		 	   		  
 $  	  
 

x = 1− µT 
   
  	

  	 
  	 	  # )	 

  Z
  ! 	
 U   
 
 	  	    
 
	   	   @! J "  








  L2 
 $   	  













Lune quand la 
postion de la  
Lune varie.
.
Section de Poincaré x=1 − µT
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